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OPENProsthesis satisfaction in lower limb amputees
A systematic review of associated factors and questionnaires
Erwin C. Baars, MDa,
∗
, Ernst Schrier, MScb, Pieter U. Dijkstra, PhDb,c, Jan H.B. Geertzen, MD, PhDb
Abstract
Background: Factors inﬂuencing patient satisfaction with a transtibial prosthesis have been studied fragmentarily. The aims of this
systematic review were to review the literature regarding factors of inﬂuence on patient satisfaction with a transtibial prosthesis, to
report satisfaction scores, to present an overview of questionnaires used to assess satisfaction and examine how these
questionnaires operationalize satisfaction.
Methods: A literature search was performed in PubMed, Embase, PsycInfo, CINAHL, Cochrane, and Web of Knowledge
databases up to February 2018 to identify relevant studies.
Results:Twelve of 1832 studies met the inclusion criteria. Sample sizes ranged from 14 to 581 participants, mean age ranged from
18 to 70 years, and time since amputation ranged from 3 to 39 years. Seven questionnaires assessed different aspects of
satisfaction. Patient satisfaction was inﬂuenced by appearance, properties, ﬁt, and use of the prosthesis, as well as aspects of the
residual limb. These inﬂuencing factors were not relevant for all amputee patients and were related to gender, etiology, liner use, and
level of amputation. No single factor was found to signiﬁcantly inﬂuence satisfaction or dissatisfaction. Signiﬁcant associations were
found between satisfaction and gender, etiology, liner use, and level of amputation.
Conclusion:Relevance of certain factors for satisfaction was related to speciﬁc amputee patient groups. Questionnaires assessing
satisfaction use different operationalizations, making comparisons between studies difﬁcult.
Abbreviations: OEF= Operation Enduring Freedom, OIF= Operation Iraqi Freedom, PEQ= Prosthesis Evaluation Questionnaire,
SATPRO= Satisfaction with Prosthesis Questionnaire, SCS= Socket Fit Comfort Score, SPU= Survey for Prosthetic Use, TAPES=
Trinity Amputation and Prosthesis Experience Scales, VAS= visual analogue scale.
Keywords: amputation, prosthesis ﬁtting, questionnaires, satisfaction1. Introduction
Regaining mobility is an important rehabilitation objective for
patients with a transtibial amputation. Satisfaction with the
prosthesis plays a key role in regaining mobility and is important
for optimizing use of the prosthesis, preventing rejection, and
increasing compliance with the medical regimen.[1,2] Forty
percent to 60% of amputee patients are not satisﬁed with their
prostheses.[3,4] Fifty-seven percent are dissatisﬁed with theEditor: Jianxun Ding.
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1comfort of their prostheses, and over 50% report pain while
using their prostheses.[3,4] Rejection of the prosthesis can be seen
as the ultimate expression of dissatisfaction with the prosthesis
and occurs in up to 31% cases of prostheses prescribed to armed
forces service members with lower limb amputations, mainly as a
result of technical problems (e.g., “too much fuss” during use and
the prosthesis being “too heavy”).[5] These ﬁndings make (dis)
satisfaction with transtibial prostheses a highly relevant issue in
lower limb amputee care.[4,5]
Patient satisfaction is a key indicator of the quality of care. It
plays an important role in the evaluation of outcomes of health
care services and management of the health care budget.[1,2,6–8]
Numerous theories and models of patient satisfaction exist,
including “the value expectancy model,” “the disconﬁrmation
theory,” “the attribution theory,” and “the need theory.” [6,8]
Satisfaction is deﬁned in different ways, for example, “an
emotional or affective evaluation of the service based on cognitive
processes which were shaped by expectations”; “a congruence of
expectations and actual experiences of a health service”; and “an
overall evaluation of different aspects of a health service.” [6] In
summary, patient satisfaction entails matching patients’ experi-
ences with their expectations.
The various questionnaires assessing satisfaction with the
prosthesis operationalize satisfaction differently. For example,
the Trinity Amputation and Prosthesis Experience Scales
(TAPES) assesses satisfaction using a 5-point scale that comprises
questions on “color,” “noise,” “shape,” “appearance,”
“weight,” “usefulness,” “reliability,” “ﬁt,” “comfort,” and
“overall satisfaction.” [9,10] The Prosthesis Evaluation Question-
naire (PEQ) uses 2 visual analogue scales to assess overall
satisfaction and satisfaction with walking with the prosthesis
during the previous 4 weeks.[1]
Baars et al. Medicine (2018) 97:39 MedicineIn this review, prosthesis satisfaction is viewed as a
multidimensional and dynamic construct. Prosthesis satisfaction
is the patient’s subjective and emotional evaluation of (aspects of)
the prosthesis that is inﬂuenced by the appearance, properties, ﬁt,
and use of the prosthesis, as well as aspects of the residual limb.
Emotions regarding the prosthesis are also inﬂuenced by the
patient’s psychological state, for example, depression and
anxiety; psychological factors; and person-related characteristics,
such as prior experiences, coping, expectations, general values,
beliefs, perceptions, and social context.[6,7] Hence, satisfaction
with the prosthesis (or prosthesis components) is a
biopsychosocial construct that is inﬂuenced by all of the
aforementioned factors.[1,2,6,7]
Recently, a systematic review analyzed patients’ experiences,
including satisfaction, with transtibial prosthetic liners.[11] This
review has several limitations. First, half of the included studies
had small sample sizes (10). Second, most of the included
studies used author-designed questionnaires, some of which were
based on the PEQ. Third, satisfaction was not studied in all of the
included studies. Fourth, in several studies, patients’ experiences
with liners were assessed with test prostheses instead of deﬁnitive
prostheses. Finally, in 2 studies, the same population was
researched.[12,13]
Given that prosthesis satisfaction is not only interpreted
differently by researchers [1,2,6] but also operationalized
differently in questionnaires, it is difﬁcult to compare results of
studies on prosthesis satisfaction. A comprehensive overview of
factors that inﬂuence satisfaction with the prosthesis is currently
missing. Such an overview will help clinicians to systematically
assess these factors and target them to improve outcomes.
This systematic review aims to identify factors of inﬂuence on
patient satisfaction with a deﬁnitive transtibial prosthesis, report
satisfaction scores, present an overview of questionnaires used to
assess satisfaction with the prosthesis, and examine how these
questionnaires operationalize satisfaction.2. Methods
This study is reported in accordance with the PRISMA guidelines.
Ethical approval is not required for this is a systematic review of
previously published studies.2.1. Search strategy
Six databases (PubMed, Embase, PsycInfo, CINAHL, Cochrane,
and Web of Knowledge) were searched from their inception to
February 2018. The search strategy used for PubMed was based
on terms related to lower limb prosthesis, including “lower
limb,” “leg,” “artiﬁcial limb,” and “prosthesis”; and patient
satisfaction, including “patient satisfaction,” “acceptance,”
“rejection,” “satisfaction,” and “dissatisfaction.” Excluded were
the terms “endoprosthesis,” arthroplasty,” “graft,” “implant,”
and “breast.”With the aid of an information specialist, the search
strategy for MEDLINE was designed: (leg OR lower limb) AND
(prosthesis OR artiﬁcial limb) AND (patient satisfaction OR
accept∗ OR reject∗ OR satisf∗ OR dissatisf∗) NOT (endopros-
thesis OR implant OR graft OR bypass OR breast). The search
strategy was adapted for each of the databases accordingly.2.2. Study selection
Studies were collected in a RefWorks database and duplicates
(publications listed more than once) were removed. Two2observers (JG, EB) independently assessed the titles and abstracts
of the studies identiﬁed in the databases.
Inclusion criteria were as follows: a questionnaire was used to
assess patient satisfaction with a deﬁnitive prosthesis; the
transtibial amputation level was studied, or, in case of mixed
samples, separate data were presented on transtibial amputee
patients; age of (part of) the study population was>18 years and
separate data were presented on this group; sample size was>10;
and studies were published in English, Dutch, or German.
Excluded were studies of interim or test prostheses, congress
abstracts with no full text available, and all types of reviews. After
title and abstract assessment, observer agreement was calculated
(Cohen Kappa and absolute agreement), and discrepancies in
assessments were discussed between observers until consensus
was reached. Full text studies included in the ﬁrst round were
assessed independently for inclusion and exclusion criteria by the
same observers (JG, EB) and recorded on a predesigned form.
Next, a consensus meeting took place to discuss the recorded
studies. Double publications (studies using the same study
population) were removed. Reference lists of included studies
were checked for any relevant studies not identiﬁed in the
database searches. The full text of these studies was assessed and
interobserver agreement was calculated.
The methodological quality of included studies was assessed
independently by 2 authors (ES, EB) by means of a checklist based
on the Methodology Checklist for Cross-Sectional/ Prevalence
Studies of the Agency forHealthcareResearch andQuality.[14] For
longitudinal studies, additional criteria from the Methodological
Index of Non-Randomized Studies (Minors check list) were
assessed.[15] When relevant data were missing or a mixed group of
amputee patients was described in the study and no separate data
on transtibial amputee patients were presented, we contacted the
corresponding authors with the request to provide these data.
Factors associated with prosthesis satisfaction were extracted
independently by 2 observers (ES, EB) and recorded on a
predesigned form. These factors were categorized into 5
satisfaction domains: appearance of the prosthesis, properties
of the prosthesis, ﬁt of the prosthesis, use of the prosthesis, and
aspects of the residual limb.
2.3. Questionnaires
Two observers (ES, a rehabilitation psychologist with 17 years of
experience in rehabilitation care, and EB, a physiatrist with 18
years of experience in amputee patient care) independently
analyzed the questionnaires used in the studies regarding
questions or combinations of questions that assessed prosthesis
satisfaction. Questions that asked the patient to subjectively or
emotionally evaluate the appearance and properties of the
prosthesis or its ﬁt and use were labeled as satisfaction questions.
For example, the question “Rate how your prosthesis looks,”
with answering possibilities on a visual analogue scale anchored
by “terrible/excellent,” was labeled as a satisfaction question. If
responses to a question were endorsed on a numerical scale, for
example, “How many prostheses wore out?”, this question was
not labeled as a satisfaction question. Discrepancies in assessment
of questions were discussed until consensus was reached.
3. Results
3.1. Search
A total of 1832 unique studies were identiﬁed for assessment after
removal of duplicates from the search results. Thirteen studies
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Figure 1. Flow chart of paper assessment.
Baars et al. Medicine (2018) 97:39 www.md-journal.comwere identiﬁed from the reference lists of the included studies
(Fig. 1). Cohen Kappa as a measure for interobserver agreement
for title and abstract assessment was 0.793, absolute agreement
98%. Eighty studies remained after the ﬁrst assessment and full
text of these studies was retrieved, in addition to the full text of
studies identiﬁed from the reference lists. Sixty-seven studies were
excluded (Fig. 1).[10,13,16–76] The assessment resulted in the ﬁnal
inclusion of 12 studies (Fig. 1).[1,3–5,77–84] Cohen Kappa as a
measure for interobserver agreement of the full text assessment
and selection was 0.39 (absolute agreement 67%).
3.2. Study descriptions and quality assessment
Most studies had a cross-sectional design. Two had a longitudinal
design.[79,84] Sample sizes varied from 14 to 581 participants, age
ranged from 18 to 70 years, and 60% to 100% was male.
Participants were recruited from prosthetic centers, amputee
patient groups, hospitals, medical services for armed forces
service members, and registered charities (Table 1).[1,3–5,77–83]
One of the contacted authors responded to our request for
additional data on transtibial amputee patients.[84]
Quality criteria that were met for ranging from 6 out of 10 to
10 out of 10 (Table 2). The longitudinal studies [79,84] met 2 and 3
of the 8 additional Minors criteria (Table 2).33.3. Overall satisfaction
Overall satisfaction with the prosthesis was analyzed in 5
studies.[3,77,78,82,84] Van deWeg and van derWindt[78] compared
2 overall satisfaction scores between groups of patients with
different types of liners and found no signiﬁcant differences
between these patients.
A regression analysis demonstrated that male gender, paid
work, a nonvascular reason for amputation, and a longer period
of time since amputation were associated with somewhat higher
satisfaction scores. Ali et al[77] analyzed satisfaction with liners
and found signiﬁcantly higher overall satisfaction scores for Seal-
in liner users. Berke et al [3] reported mean overall satisfaction
scores (range 0–10) in veterans and service members who lost
limbs in the Vietnam conﬂict (7.3) or in the Operation Iraqi
Freedom (OIF) and Operation Enduring Freedom (OEF) conﬂicts
(7.5). Harness and Pinzur [82] found overall satisfaction to be
associated with “appearance” (r=0.44), “residual limb health”
(r=0.44), “less pain” (r=0.40), “ability to ambulate” (r=0.66),
and “ability to make transfers” (r=0.36). Giesberts et al [84]
analyzed satisfaction with the modular socket system in a
longitudinal study using an overall prosthesis evaluation score,































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Quality criteria 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Dillingham et al [4] + + + + + + – + + + – +
Harnes and Pinzur 2001[82] + + + – + + + – – – – –
Van de Weg and van der Windt [78] + + – – – – + + + + + +
Berke et al [3] + + – + + + + + + + – –
Gailey et al [5] + + + + + + + – + – – –
Kark et al [1] + + + – + + + – + + – –
Ali et al [77] + + – – + + + – – – – +
Cairns et al [83] + + – – + + – – + + – +
Samitier et al [81] + + + – + – + – + – – –
Sinah et al [80] + + + + – + + + – + – –
Webster et al [79] + + + + + – + + + + – – + + – – – – – +
Giesberts et al[84] + + + – + – + + – – – – + + – – – – – –
Sum 12 12 8 4 11 9 10 5 9 6 1 5 2 2 0 0 0 0 0 1
1. Is the source of information reported? 2. Were inclusion criteria reported? 3. Were exclusion criteria reported? 4. Was the time frame of recruitment reported? 5. Was the recruitment setting reported? 6. Were
subjects consecutively recruited
∗
or population based 7. Has the questionnaire been tested for measurement properties/unbiased assessment of study endpoints
∗
? 8. Have participants been excluded from
analysis? 9. Has confounding been assessed and controlled for, (subgroups analysis of multi variate analysis)? 10. Were missing data reported? 11. Were missing data imputed? 12. Was response rate reported?
13. Was there prospective collection of data?
∗
14. Was the follow-up period appropriate to the study aim?
∗
15. Was the loss to follow up less than 5%?
∗
16. Was there prospective calculation of study size?
∗
17.
Was there an adequate control group?
∗
18. Were there contemporary groups?
∗
19. Was there baseline equivalence of groups?
∗




Criteria for longitudinal studies.
Baars et al. Medicine (2018) 97:39 www.md-journal.comMean visual analogue scale (VAS) scores (range 0–10) for
overall satisfaction ranged from 6.9 [77] to 7.7,[84] and mean
overall satisfaction sum scores (range 0–21) ranged from 11.0 to
12.0.[78] Mean overall satisfaction with liners (range 0–100)
ranged from 63.1 for polyethylene liners to 83.1 for Seal-in
liners.[77]3.4. Appearance
Several studies described the percentage of patients satisﬁed with
the appearance of their prostheses or reported satisfaction scores
regarding appearance.[4,77,78,82,84] Harness and Pinzur [82] found
a positive association between overall satisfaction and appear-
ance of the prosthesis (r=0.44). Two studies compared different
prosthesis liners in relation to satisfaction with appearance. [77,78]
Van de Weg and van der Windt[78] found no signiﬁcant
differences regarding satisfaction with appearance of the
prosthesis (“looks”) between users of different liners. Ali
et al[77] found that patient satisfaction with appearance of the
prosthesis was highest for Seal-in liner users. The operational-
ization of satisfaction with appearance of the prosthesis included
the factors “appearance,” “color,” “touch/feel,” “look (s),”
“cosmetics,” and “shape.”[4,77,78,82–84] Giesberts et al[84] found
no change in satisfaction with appearance over time using the
PEQ, in patients using the modular socket system.
The PEQwas applied in 3 studies and uses an appearance scale
to assess satisfaction.[1,82,84] This scale includes 5 questions: 1 on
appearance of the prosthesis, 2 on damage done to clothing or
prosthesis cover, and 2 on freedom in choice of clothing and
shoes. PEQ-based questionnaires were used in 2 studies. One
study included a question on cosmetic satisfaction with the
prosthesis, a concept closely related to appearance, while the
other study included a question on satisfaction with appear-
ance.[77,78] The TAPES, used in 2 studies, includes 1 question
regarding satisfaction with appearance.[79,80] This question is
part of its Aesthetic Satisfaction Subscale. The other 2 questions
of this subscale assess satisfaction with the shape and color of the
prosthesis. In the Survey for Prosthetic Use (SPU), used in 2
studies, appearance is not assessed.[3,5] The Satisfaction with5Prosthesis Questionnaire (SATPRO) was used in 1 study and
includes 15 questions, 1 of which assesses satisfaction with the
look of the prosthesis.[81] Two studies used author-designed
questionnaires. Dillingham et al[4] used 1 question to assess
satisfaction with the appearance of the prosthesis. Cairns et al[83]
included a subscale on the aesthetics of the prosthesis, another
concept closely related to appearance. This subscale includes 3
questions assessing “color,” “shape,” and “feel/touch” of the
prosthesis.3.5. Properties of the prosthesis
Satisfaction with properties of the prosthesis was reported in 7
studies.[3–5,79,80,83,84] Sinha et al[80] found that satisfaction with
the weight of the prosthesis was signiﬁcantly higher in transtibial
amputee patients than in transfemoral amputee patients. Webster
et al[79] found signiﬁcantly lower levels of functional satisfaction
in transtibial amputee patients than in transmetatarsal amputee
patients. No signiﬁcant differences in satisfaction with functional
and physical properties of the prosthesis were found between
Vietnam veterans and OIF or OEF veterans in the study of Berke
et al.[3] Another study found a prosthesis rejection rate of 18% in
Vietnam veterans and 31% in OIF or OEF veterans.[5] The
operationalization of satisfaction with functional and physical
properties of the prosthesis included the factors “weight,”
“smell,” “noise,” “being waterproof,” “durability,” “reliabili-
ty,” “usefulness,” “easy to clean,” “ease of use,” “works well
regardless of the weather”, “limitations imposed on clothing,”
“shoe choice (height and style),” “damage done to clothing,” and
“interaction of prosthesis cover with clothing and joint
movement.” [3–5,79,80,83,84]
Giesberts et al[84] found a nonsigniﬁcant decline in PEQ scores
over time when assessing satisfaction with sounds of the
prosthesis. The PEQ includes 2 questions on satisfaction with
properties of the prosthesis.[1,82] These questions assess the
patients’ rating of “prosthesis weight” and “squeaking, clicking
or belching sounds” made by the prosthesis. Two PEQ- based
questionnaires also included satisfaction questions assessing the
properties “sound” and “smell” of the prosthesis.[77,78] The
Baars et al. Medicine (2018) 97:39 MedicineFunctional Satisfaction Subscale of the TAPES includes 3
questions on satisfaction with “weight,” “usefulness,” and
“reliability” of the prosthesis.[79,80] The SPU has a satisfaction
section with 3 questions on satisfaction with “smell,” “sound,”
and “weight” of the prosthesis and a dissatisfaction section with
questions on “lack of reliability” and “lack of functionality” of
the prosthesis.[3,5] In the SATPRO, 4 of the 15 questions concern
properties of the prosthesis. The scores on these questions are not
analyzed on item level.[81] An author-designed questionnaire
included 3 questions on factors affecting satisfaction with the
cosmetic properties of prosthesis: “durability,” “being water-
proof,” and “easy to clean.” [83]3.6. Fit
Dillingham et al[4] reported on satisfaction with the ﬁt and
comfort of the prosthesis without using a between-group
comparison. Other studies that examined the ﬁt of the prosthesis
did perform between-group comparisons of war veterans and
included the variables employment, gender, marital status,
reasons for amputation, years since amputation, and mobility
level. Three of 4 studies found no signiﬁcant differences between
groups.[3,78,81] Ali et al[77] found that the type of liner
signiﬁcantly inﬂuenced patient satisfaction with the ﬁt of the
prosthesis. Satisfaction with prosthesis ﬁt and suspension was
highest in Seal-in liner users, and satisfaction with prosthesis
donning and dofﬁng was highest in users of polyethylene foam
liners.[77] The operationalization of satisfaction with ﬁt included
the factors “comfort,” “ﬁt”, “donning and dofﬁng,” “suspen-
sion,” “pistoning,” “rotation,” and “socket ﬁt.” [3,4,77,78,81,84]
Giesberts et al[84] found a signiﬁcant decline (P= .027) in
satisfaction with comfort and pain over time using the Socket Fit
Comfort Score (SCS) in patients using the modular socket system.
The Utility Scale of the PEQ includes 2 questions on satisfaction
with the ﬁt and comfort of the prosthesis; the latter is a concept
closely related to ﬁt.[1,82] In a PEQ-based questionnaire, 1
question was used to measure satisfaction with ﬁt (“comfort to
wear”).[78] The TAPES has incorporated “ﬁt” and “comfort”
into 3 questions on prosthesis properties in a subscale assessing
satisfaction.[79,80] The SPU includes 1 satisfaction question on
“ﬁt.” [3,5] The SATPRO also includes 1 question on satisfaction
with the comfort of the prosthesis.[81] The SCS assesses
satisfaction with socket comfort while sitting, standing and
walking, using a scale ranging from 0 to 10, with 0 being “most
uncomfortable socket you can imagine” to 10 the “most
comfortable socket ﬁt.”[84]3.7. Aspects of the residual limb
Berke et al[3] compared differences in satisfaction with the
prosthesis between 3 groups of veterans with limb loss. It was
found that Vietnam veterans had signiﬁcantly less skin problems
of the residual limb than OIF or OEF veterans, which positively
affected their satisfaction with the prosthesis. Another study
found overall satisfaction to be associated with residual limb
health and less pain in the residual limb (r=0.4).[82] Giesberts
et al[84] found a nonsigniﬁcant decline in residual limb health
using the PEQ in patients using the modular socket system. The
operationalization of satisfaction with the residual limb included
the factors “sweating/perspiration,” “wounds,” “irritation,”
“blisters,” “pimples,” “skin rash,” “swelling,” “pain,” and
“phantom pain.” [1,3–5,79,80,82]6The PEQ includes a Residual Limb Health Scale containing 6
questions and a total of 10 questions on pain, 3 of which
speciﬁcally assess pain in the residual limb.[1,82,84] Questionnaires
based on the PEQ included several questions on different aspects
of the residual limb that inﬂuence satisfaction, such as
“sweating,” “wounds,” “irritation,” “smell,” and “pain.”
[77,78] The TAPES includes 1 question on residual limb pain.[79,80]
The SPU includes 3 questions on aspects of the residual limb that
impact satisfaction; these include “pain,” “skin problems,” and
“sweating.” [3,5] An author-designed questionnaire included
questions on “skin irritation,” “wounds,” “perspiration,” and
“pain.” [4]3.8. Use of the prosthesis
In 2 studies, differences between groups regarding satisfaction
with prosthesis use were analyzed.[77,78] Users of polyethylene
foam inserts were more satisﬁed than users of silicon liners or
polyurethane liners while sitting or while walking on uneven
terrain.[78] Users of Seal-in liners were more satisﬁed while
“sitting,” “walking,” “walking on uneven terrain,” and
“walking on stairs” than users of silicone liners with a shuttle
lock or polyethylene foam liners.[77] Harness and Pinzur [82]
analyzed factors associated with satisfaction with prosthesis use.
Satisfaction with use was associated with the “ability to
ambulate” and the “ability to transfer.” Giesberts et al[84] found
no signiﬁcant change in ambulation or prosthesis utility over time
in patients ﬁtted with the modular socket system. Another study
found that satisfaction with walking with the prosthesis was
higher in transtibial amputee patients than in transfemoral
amputee patients.[1] The operationalization of satisfaction with
use included satisfaction with “sitting,” “walking,” “walking on
uneven terrain,” “walking up and down stairs,” “ease of use,”
“daily use,” and performance-based measures.[1,4,77,78,82–84]
The Ambulation Scale of the PEQ includes 8 questions, 1 of
which assesses satisfaction while walking down the stairs.[1,82,84]
The PEQ-based questionnaires included questions on satisfaction
with prosthesis use in different circumstances, including
“sitting,” “walking,” “climbing stairs,” and “walking on uneven
terrain.” [77,78] In the SATPRO, 2 of the 15 questions assess
satisfaction with prosthesis use.[81]An author-designed question-
naire assessed satisfaction with a question on “hours of prosthesis
use.” [4]4. Discussion
4.1. Study aim
The analysis of the included studies revealed that a considerable
number of transtibial amputee patients were not satisﬁed with
their prostheses or aspects of their prostheses. Satisfaction with
the prosthesis is a multidimensional construct that is affected by
various factors. In the included studies, several factors were
found to inﬂuence satisfaction and dissatisfaction and the use of
different operationalizations of satisfaction in the questionnaires
makes comparison of outcomes between studies impossible.4.2. Participants
Participants assessed in the included studies were predominantly
physically active males who had undergone a traumatic ampu-
tation and who had a wide range in age and time since
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8were correlated. Armed forces service members, for example, were
almost exclusively 30- to- 60-year-old males who were employed,
had undergone traumatic amputations, and used their prostheses
many hours per day.[3,4] Female amputee patients were underrep-
resented and outcome regarding appearance, comfort, and use of
the prosthesis was not given separately for women.[1,3–5,78,80–84]4.3. Overall satisfaction
Five studies assessed overall satisfactionwith the prosthesis, which
is the least speciﬁc evaluation of satisfaction.[3,77,78,82,84] Overall
satisfaction scores give no insight into the speciﬁc aspects of
satisfaction and offer no directions for improvement. The
operationalization of overall satisfaction was associated with
“appearanceof the prosthesis”“residual limbhealth,”“experienc-
ing less pain,” and “being able to ambulate and make transfers.”
[3,77,78,82] The scores on overall satisfaction suggest that there is
considerable room for improvement (Table 3).4.4. Appearance of the prosthesis
The use of the words “appearance,” “look (s),” “cosmetics,” and
“aesthetics” in the questionnaires refer to the operationalization
of appearance of the prosthesis and illustrates why it is difﬁcult to
draw comparisons between study outcomes. These words are
similar in nature, for they all refer to the outward form/
appearance of the prosthesis, but subtle semantic differences are
nevertheless present. “Appearance” is the more neutral option,
whereas “looks” and “aesthetics” refer to the appreciation of the
appearance of the prosthesis. “Cosmetics,” in turn, can also refer
to the enhancement of the (normal) appearance. These words are
not interchangeable, and differences in meaning may result in
different interpretations of questions regarding appearance,
thereby inﬂuencing the outcomes of the questionnaires.
The difference in the number of questions used in the scales of
the questionnaires also makes it difﬁcult to compare outcomes.
The number of questions on satisfaction with appearance, for
example, varied from 1 question in the SATPRO, 3 questions in
the TAPES, and 5 questions in the PEQ, all with different scale
ranges (Table 4). In addition, while most questionnaires assess
satisfaction, only 1 assesses dissatisfaction with “reliability” and
“functionality” of the prosthesis (SPU).[81] The low satisfaction
scores on appearance of the prosthesis indicate that there is also
room for (considerable) improvement (Table 3).4.5. Properties of the prosthesis
One study reported on rejection rates of the prosthesis of 18% of
Vietnam veterans and 31% of OIF/OEF veterans, predominantly
because of dissatisfaction with properties of the prosthesis.[5] One
study reported an increase of satisfaction with appearance and a
decrease in satisfaction with sounds and utility of the prosthesis
and a decrease of residual limb health over time.[84] In another
study, the mean satisfaction score regarding weight of the
prosthesis was 58.1 (range 0–100).[4] Amputee patients with a
more proximal amputation were less satisﬁed with the function
and weight of the prosthesis than amputee patients with a more
distal amputation, and transfemoral amputee patients were less
satisﬁed while walking with the prosthesis than transtibial
amputee patients.[1,79,81] As mentioned above, satisfaction in the
domains “residual limb health” and “prosthesis use” is related to
overall satisfaction.[82]




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Baars et al. Medicine (2018) 97:39 Medicine
12
Baars et al. Medicine (2018) 97:39 www.md-journal.com4.6. Prosthesis use
The PEQ assesses prosthesis use in different circumstances
because of their possible inﬂuence on satisfaction. A personmight
be perfectly satisﬁed with the prosthesis while sitting but
dissatisﬁed with the same prosthesis while walking on uneven
terrain.[1,82] Thus, satisfaction is also related to the kind of
activity a person wants to do. Although most questionnaires
include questions on prosthesis use, for instance regarding the
distance walked, they do not include questions that measure the
level of satisfaction with this particular distance.4.7. Questionnaires
The reviewed studies used existing questionnaires, parts of
existing questionnaires, adapted questionnaires, and author-
designed questionnaires to measure prosthesis satisfaction.
Various operationalizations were used in the questionnaires to
assess aspects of satisfaction with a transtibial prosthesis. The
reasons for choosing a particular operationalization were not
explained in the questionnaire guidelines or discussed in the
studies (Table 4). Furthermore, it was sometimes difﬁcult to
determine whether the questions assessed satisfaction or another
construct. The following question illustrates this difﬁculty: “Over
the past four weeks, rate how you felt about being able to walk
down stairs when using your prosthesis.” Answering possibilities
were on a VAS anchored by “cannot” and “no problem” (PEQ
13D).[1,82] Because the answer indicates the patient’s subjective/
emotional evaluation of walking, this was considered to be a
satisfaction question concerning prosthesis use.
All factors that inﬂuence satisfaction were categorized into 5
different domains: appearance, properties, ﬁt, residual limb, and
use. The residual limb was mentioned in only 3 studies, despite
the fact that it affects satisfaction with the prosthesis. Compari-
son of study outcomes was difﬁcult due to different operation-
alizations of satisfaction in the questionnaires, differences in the
phrasing of questions and choice of words, and differences in
study objectives (Tables 3 and 4). In addition, the time frame
studied also inﬂuences outcomes and was only evaluated in the
PEQ (Table 4).4.8. Prosthesis satisfaction
The ﬁndings of this review indicate that it is important for
researchers studying prosthesis satisfaction to motivate the use of
a speciﬁc operationalization and preferably cover all factors and
domains inﬂuencing satisfaction (Table 4). This review provides
an overview of factors that affect prosthesis satisfaction and can
help researchers assess satisfaction during history taking, clinical
examination, and prosthesis evaluation. At the same time,
satisfaction is a subjective/emotional evaluation inﬂuenced by
psychosocial factors that might change and vary over time. To
enable research synthesis of prosthesis satisfaction in meta-
analyses, researchers should be aware of the different operation-
alizations used in the questionnaires, for these impede compar-
isons of outcomes and calculation of effect sizes across studies.4.9. Limitations of this review
The review was limited by the quality of the studies identiﬁed for
inclusion. Many studies were excluded because they lacked
speciﬁc data on transtibial amputee patients. In addition, only 1
author answered our request for additional data. We also13excluded studies because of language restrictions and retrieval
problems, thereby possibly excluding potential relevant studies.
Studies included mainly employed males with traumatic
amputations, which limits generalizability of ﬁndings to amputee
patients with other characteristics. Patients were recruited from
speciﬁc sources, which also limited generalizability. Finally, the
diversity in questionnaires used and the different operationaliza-
tions of prosthesis satisfaction made pooling of quantitative data
in a meta-analysis impossible.4.10. Implications for future research
Ideally, prosthesis satisfaction should be systematically evaluated
by means of an assessment of all known factors inﬂuencing
satisfaction. The choice of a speciﬁc operationalization and
questionnaire should be motivated. Furthermore, future research
should take into account that prosthesis satisfaction is an
emotional evaluation that is best assessed during a speciﬁc time
frame, thereby respecting the dynamic aspects of satisfaction.
Adhering to these principles will enhance comparability of future
studies assessing prosthesis satisfaction and make meta-analysis
and pooling of data possible.5. Conclusion
Factors inﬂuencing patient satisfaction with a transtibial
prosthesis are diverse and include appearance and properties
(functional and physical) of the prosthesis, ﬁt of the prosthesis,
functional use of the prosthesis, and aspects of the residual limb.
Relevance of certain factors seems to be related to speciﬁc
amputee groups. Questionnaires assessing patient satisfaction use
different operationalizations, making comparisons between
outcomes of questionnaires impossible.Author contributions
Writing – original draft: Erwin Baars, Ernst Schrier, Pieter
Dijkstra, Jan Geertzen.
Writing – review & editing: Erwin Baars.
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